The title complex was synthesized using mixed solution approach. Pr(NO 3)3 · 6H2O (0.2 mmol) was dissolved in a mixture of ethanol (5 ml) and water (2 ml). A solution of 2,2¢-bipyridine (0.63 mmol), 8-hydroxyquinoline (HQ, 1.0 mmol) and benzoic acid (HBA, 9.83 mmol) in ethanol (10 ml) was added to the above solution. After about one week, crystals were obtained. The 8-hydroxyquinoline is key factor to formation of quaternary complexes. If there is no HQ in the synthetic system we couldn't obtain any product because of the strong acidity. The HQ can decrease the acidity of the solution and form H 2Q + with H +
Source of material
The title complex was synthesized using mixed solution approach. Pr(NO 3)3 · 6H2O (0.2 mmol) was dissolved in a mixture of ethanol (5 ml) and water (2 ml). A solution of 2,2¢-bipyridine (0.63 mmol), 8-hydroxyquinoline (HQ, 1.0 mmol) and benzoic acid (HBA, 9.83 mmol) in ethanol (10 ml) was added to the above solution. After about one week, crystals were obtained. The 8-hydroxyquinoline is key factor to formation of quaternary complexes. If there is no HQ in the synthetic system we couldn't obtain any product because of the strong acidity. The HQ can decrease the acidity of the solution and form H 2Q + with H + , which is difficult to bind Ln 3+ , and keep in the solution a certain amount of benzoate anions. The quantity of HBA should exceed 1.0 g (8.19 mmol) so that clear solution could be obtained and after one week nice crystals were formed. Otherwise, yellow complex containing HQ ligand was precipitated and IR showed no presence of benzoate ligand. In the case of the yellow precipitate while the amount of HBA exceeded 0.6 g (4.91 mmol), the yellow complex was gradually changed into green complex (the title complex), which indicated ligand exchange between Q -and BA -. Elemental analysis for C48H36N6O14Pr2: (calculated) C, 47.94%; N, 6.99%; H, 3.02%; Pr, 23.43%; (found) C, 47.73%; N, 6.83%; H, 3.04%; Pr, 23.27%.
Discussion
The first crystal structure of quaternary complexes of lanthanide with two anionic ions was reported in our group [1] due to new synthetic procedure used. Then about 20 crystal structures were reported in our laboratory [2, 3] and other research groups [4, 5] . These quaternary complexes have been extensively received many interests because of their special structures and interesting functional properties while most of complexes have the neutral ligand of 1,10-phenanthroline. To date, the title complex represents an exception, as only few complexes with 2,2¢-bipyridine ligand have been studied. The coordination geometry of the Pr atom can be described as a monocapped square antiprism with nine-coordinate. The complex is a dimer with a Pr-Pr separation of 4.004 Å and possesses a center of symmetry. The coordination geometry involves five oxygen atoms from four benzoate anions, two nitrogen atoms from 2,2¢-bipyridine and another two oxygen atoms from nitrate group. The four benzoate anions in the dimer complex show two coordination modes, which is very difficult to distinguish them from IR spectrum: one mode bonds to two Pr atoms through O4 and O5; the other mode is chelated to one Pr atom with distances of 2.427(3) Å and 2.716(3) Å for O6-Pr and O6-Pr*, respectively. The distance Pr-O(NO 3) is longer than Pr-O(BA) except Pr-O6*, attributed to strong bonding of benzoate with metal ion. The bipy ligands are situated in the vacant sides, and therefore the complex has little steric exclusion. The bond length of N3-O1 from the nitrate anion is 1.215(5) Å, clearly double bond. The N3-O2 and N3-O3 bond lengths are 1.250(5) Å and 1.277(5) Å, respectively, which are between single and double bonds. The nitrate anions can be replaced by other anions, such as chloride, acetate, etc. The distance between p-p stacked benzoate ligands from neighboring molecules is about 3.6 Å. Then, an extended structure (bottom figure), one-dimensional network, is formed, which is unavailable in the case of aliphatic acid and this stacking effect is more popuplar in quaternary complexes than that of ternary complexes. 
